J-TECH Translations • 801 Country Place Dr.. #109 • Houston. TX 77079 • Tel:281-556-1709 • Fax:281-556-5147 



(19) 
(12) 

(H) 
(43) 

(51) 



(21) 
(22) 
(71) 



Japanese Patent Office 

Publication of Unexamined Patent Application (A) 

Disclosure Number: Hei 1-242500 
Date of Disclosure: 1 989.09.27 
International Patent Classification: 
C30B 33/00 

C30B^ ^ 29/06 : - ^ •■ ^ ' " - 

HOIL 21/324 

Examination Request Status: Examination not yet requested. 
Number of Claims: 2 
Total Pages: 5 

Filing Number: Sho 63-07 1258 
Date of Application: 1988.03.25 



Applicant 



(72) Inventor 



(72) Inventor 



(72) Inventor 



(74) 



Agent: 



Mitsubishi Kinzoku Kabiishiki Kaisha . 
5-2 Ote-machi 1-chome 
Chiyoda-ku. Tok>o-to 
Hisashi FURTr'A 

c/o Mitsubishi Kinzoku Kabushiki Kaisha, Central Researdi Institute 
297 Kitabukkuro 1-chome 
Omiya-shi, Saitama-ken 
Yoshiaki BANBA 

c/o Mitsubishi Kinzoku Kabushiki Kaisha, Central Research histitute 
297 Kitabukkuro 1 -chome 
Omiya-shi, Saitama-ken 
Yasushi SHEVLANTJKI 

c/o Mitsubishi Kinzoku Kabiislaiki Kaisha, Central Research Institute 
297 Kitabukkuro 1-chome 
Omiya-$hi, Saitama-ken 

Masatake SHIGA. Attorney (and two other persons) 



Specifications 



1. Title of the Invention 

Method for Production of Silicon Substrate 

2. Scope of the Patent Claims 

( 1) A silicon substrate production method comprising the steps of: 

holding a CZ silicon single crystal substrate in an oxidizing atmosphere at 1200°C or higher for . 
15 minutes or longer; and 

cooling the thermal-oxidation-treated substrate down to SOOT or below during cooling 
treatment that includes a step of cooling rate of 1 to 10"C/minute. 
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(2) A silicon substrate production method comprising the steps of: 

holding a CZ silicon single crystal substrate in an oxidizing atmosphere at 1200''C or higher for 
15 minutes or longer; and 

cooling the thermal-oxidation-treated substrate down to 50(fC or below during cooling 
treatment that includes a step of cooling rate of 1 to l(f C/minute, and a step of isothermal heat 
treatment by mainteriance for 30 ihinutes or more at a constant temperature in the range of 800°C To ' 
500°C. 

3. Detailed Explanation of the Invention 
[Field of Industrial Use] 

The present invention relates to the manufacture of a CZ silicon substrate in which is formed a 
defect free layer (DZ layer) that becomes the element active region in the vicinity of the surface and an 
interior gettering layer (IG layer) for absorbing contaminant substances and defects. The present 
invention particularly relates to increase of defect density in the IG layer in the vicinity of the DZ layer 
and improvement of the gettering effect. 

[Conventional Technologyl 

When a silicon substrate is manufacturing that has this type of DZ layer and IG layer, as shown in 
Figure 5, the CZ silicon substrate is conventionally heated for 60 to 300 mmutes at lOOO^'C to 1 150*'C, 
Thereafter this substrate is cooled down to 700°C to SOO'^C by natural radiant cooling, followed by a 
second heating during which the substrate is held for 2000 to 3000 minutes at this temperature. 

The above mentioned high temperature heat treatment at lOOOT to 1 ISO^'G is a step that causes 
outward diffusion of oxygen atoms widiin the silicon substrate in order to form a low oxygen density 
region tliat finally becomes the DZ layer 

The above mentioned low temperature heat treatment holding the substrate at 700''C to 800°C 
causes precipitation of oxygen as oxygen precipitate nuclei (fine SiOi) present within the wafer to form 
stacking faults and form the IG layer. 

In addition to the above mentioned two step heating rnetliod, a tliree step heating method is also 
sometiines adopted that carries out three isothermal heat treatment steps between the two 
temperatures of lOQPC and 1 1 SOT. 

[Problems to be Solved by the Inventionl 

However, the silicon substrate obtained by each of the above mentioned methods has a peaked 
distribution of defect density along the depth direction with a central region maximum as shown in 
Figure 6. Therefore this results in conflicting problems ( 1) and (2) listed below. 

(1) Defect density within the IG layer in the vicinity of the DZ layer is relatively low so that the 
gettering effect is sometimes insufficient. However, when low temperature heat treatment is prolonged 
in order to increase oxygen precipitate density within the IG layer, defects are introduced into the DZ 
layer which cause a worsening of device characteristics. 

(2) If high temperature heat treatment, which promotes outward diffusion of oxygen atoms, is 
prolonged in order to sufficiently increase depth of the defect free DZ layer, part of the oxygen 
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precipitate nuclei within the IG layer shrink or disappear so that oxygen precipitate density drops, 
resulting in decrease of defect density and worsening of gettering effect. 

[Background of the Invention] 

Therefore the inventors of the present invention carried out detailed research relating to formation 
of oxygen precipitate nuclei within silicon single crystal and found that formation of oxygen precipitate 
nuclei, which was previously through to be a one-step reaction, occiars according to the below listed 
two step reaction. 

(1) First at a higli temperature of at least 1200''C, Si atoms (interstitial Si) sandwiched in gaps of 
the Si lattice interact with one another to form Si clusters. 

(2) Then at a low temperature of SO(fC or below, oxygen atoms dissolved in the substrate 
precipitate upon the Si clusters so that oxygen precipitate nuclei (fine Si02) occur. 

Although the conventional method doesn't carry out heating at a temperature of 1200^C or 
higher, the (1) reaction is through to occur after single crystal pulling by the CZ method. 

The inventors of the present invention tested the use of this knowledge for formation of an IG 
layer with high gettering effect by contriving the below mentioned treatment method. 

[Means to Solve the Problems] 

The specific method for production of silicon substrate according to the present invention will be 
explained while referring to Figure 1. 

According to this method, the CZ silicon single crystal substrate is first held in an oxidizing 
atmosphere (e.g., dry O2, wet O2, etc.) at a temperature of at least 1200°C for at least 15 minutes, and 
preferably for at least 20 minutes at a temperature of 1200''C to 1350T. 

Due to this high temperature heat treatment, Si of the surface of the silicon substrate is oxidized 
to generate Si02. Then since this SiO: occupies a larger volume than Si does, Si previously in tlie 
lattice in pushed between lattice positions, so that a some of the Si becomes interstitial Si and diffuses 
into the substrate interior. 

At this time, oxygen atoms within the silicon substrate simultaneously diffuse gradually outward to 
form a low oxygen concentration region that becomes the DZ layer. However, since diffiision velocity 
of oxygen atoms is smaller than difilision velocity of interstitial Si, as shown in Figure 2 due to this 
difference in velocity, a region (a) is formed of relatively high oxygen concentration and interstitial Si 

concentration in the IG layer near the DZ layer. Then as at least 15 mmutes . preferdblv^at.least,20_ ; 

minutes, pass at this temperature, the interstitial Si atoms interact to form Si clusters. These Si clusters 
in this state still can't act as oxygen precipitate nuclei. Moreover, at or below the previously mentioned 
treatment temperature of 120(y*C for 15 minutes or less, the inwardly diffused interstitial Si is unable to 
be changed into Si clusters. However, this effect is further increased by treatment at IIOQPC to 
1350^C for at least 20 minutes. 

Thereafter this high temperature treatment is completed, and the treated silicon substrate is 
cooled down to SOQt^C, During this cooling treatment, a cooling step is required that cools at a cooling 
rate of 1 to lO^'C/minute at least over part of the temperature range (800°C to 500X). An isothermal 
heat treatment step is also preferably added that holds the substrate during cooling at a roughly fixed 
temperature within the range of 800°C to 500*'C for at least 30 minutes. 
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This cooling treatment causes a reaction between oxygen dissolved in the substrate and Si 
clusters formed during the above mentioned high temperature heat treatment so that oxygen precipitate 
nuclei are formed (fine Si02): Therefore concentration of these oxygen precipitate nuclei, as shown in 
Figure 3, increases in the above mentioned region (a) of high concentrations of both oxygen and 
clusters. Furthermore, when cooling over \20(fC to SOO'^C at least during part of the temperature 
range (800''C to SOO'^C) is not carried out at a rate of i to 10°C/minte, formation of oxygen precipitate 
nuclei is insufficient. However, the reaction can progress if the above mentioned isotherrMl heat 
treatment is added. 

After the silicon substrate is cooled down to SOO^'C by the above mentioned cooling treatment, 
the subsequent cooling method is arbitrary. Rapid cooling may be used, completing the method of the 
present invention. 

Furthermore, oxygen precipitate nuclei within the silicon wafer at this time don't transform into 
oxygen precipitates tliat directly cause stacking faults. Afterwards upon performance of oxygen . 
precipitation heat treatment or device processing, the above mentioned oxygen precipitate nuclei 
become oxygen precipitates which generate stacking faults. 

The final defect density, similar to the oxygen precipitate nuclei density distribution of Figure 3, 
has a maximum value in the IG layer tn the vicinity of the interface witii the DZ layer. Moreover, the 
distribution decreases sharply toward die PZ layer. Therefore, by the above mentioned method of the 
present invention, gettering effect of impurities and defects fiom the DZ layer by the IG layer can be 
increased, and a highly thick and nearly defect free region can be maintained. 

[Worictng Examples] ^ 

Working examples are presented next to demonstrate the effects of the present invention. CZ 
silicon wafers were used as samples that were 6 inch diameter, <100> crystal orientation, P-doped 
with a resistivity of 10 Qcm, [Oi] = 0.9 x lO'^ atoms/cm^ (3.0 x 10^'^ cm'^ calculation coefficient), and 
[Cs] = 1 X 10^^ atoms/cm*^ (1.1 x lo'^ cm"*' calculation coefficient). ' 

(Working Examples 1 through 3) 

The above mentioned silicon wafer first underwent high temperature heat treatment in an 
oxidizing atmosphere. Thereafter the atmosphere within the ftimace was switched to Ni gas, followed 
by cooling at 2''C/minute down to 50(fC. Isothermal heat treatment was carried out during this cooling 
at-600-C-for-40 minutes Jhe wafer-was cooled-rapidly-after-SOO-C.-Other-conditions^ 
Working Example 1 high temperature heat treatment conditions: 

wet O2 atmosphere, 1280X for 180 minutes. 
Working Example 2 high temperature heat treatment conditions: 

wet O2 atmosphere, 1200''C for 240 minutes. 
Working Example 3 high temperature heat treatment conditions: 
dry O2 atmosphere, 1280''C for 180 minutes.. 

(Comparative Examples 1 through 3) 

The silicon wafer underwent the first heat treatment in N2 gas. Then after natural cooling (or 
heating), die silicon wafer underwent the second heat treatment, followed by rapid cooling. Other 
conditions are listed below. 
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Comparative Example 1: 

first heat treatment at 1 1 50PC for 1 80 minutes, 

cooling rate of S'^Qminute, 

second heat treatment at 700X for 3000 minutes. 
Comparative Example 2: 

first heat treatment at 700°C for 3000 minutes, 

cooling rate of 5^C/minute, 

second heat treatment at 1 ISOPC for 180 minutes. 
[TRANSLATOR 'S NOTE: This looks like an error in the source text. How can the second heat 
treatment be at a higher temperature than the first heat treatment?] 
Comparative Example 3: 

first heat treatment at 11 50°C for 240 riiinutes, . 

cooling irate of 5°C/minute, 

second heat treatment at 700X for 3000 minutes. 

Then selective etching and optical microscopic examination were used to determine density of 
oxygen precipitates (units = x 10^ cm'"*) at nvo locations: in the vicinity of the DZ layer (50 [im fiiom the 
wafer surface) and in the center of the IG layer. These results are shown in the table below. 





Vicinity of the DZ Layer 


Center of the IG Layer 


Working example 1 


200 


80 


Working example 2 


80 


50 


Working example 3 


100 


80 


Comparative example 1 


5 


8 


Comparative example 2 


30 


60 


Comparative example 3 


7 


10 



The above mentioned working examples 1 tlirough 3 had a marked increase in defect density in 
the IG layer in the vicinity of tlie DZ layer. 

(Working Examples 4 though 6) 

The utiUzed silicon wafer was the same type as mentioned'above. AfteFfioldingthe waf^at 
1280''C for 180 minutes, tlie wafer was then cooled to 500^C at a rate of 2°C/mmute. During this 
cooling, the wafer was held for 50 minutes at 600"C. Furthermore, wet O2, dry O2, or N2 were used 
as the atmosphere during 1280^C treatment. The atmosphere during cooling was N2 for all these 
working examples. [TRANSLATOR S NOTE: This looks like an error in the source text. How can 
high temperature treatment in N: be considered part of one of the working examples of the 
invention?] 

Thereafter heat treatment was carried out in dry O2 at 700^C for 48 hours, followed by 24 hours 
of heat treatment at lOOOT. Then oxygen precipitate density was measured by selective etching and . 
observation with an optical microscope. These results are shown in Figure 4. 
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As made clear by this graph, those wafers that underwent high temperature heat treatment in an 
oxidizing atmosphere had a marked increase in oxygen precipitate density in the vicinity of the wafer 
surface, suggesting that Si interstitials diffused inwardly from the wafer surface and increased the 
concentration of oxygen precipitate nuclei. Moreover, when wet O2, which is strongly oxidizing, was 
used, this effect was quite marked in comparison to the use of dry O2. 

[Results of the Ihvention] 

As explained above, during the silicon substrate production method of the present invention, 
interstitial Si, which has a difRision velocity high than that of oxygen atoms, is first made to diffiise 
toward the interior of the substrate during high temperature heat treatment. Within the IG layer in the 
vicinity of the DZ layer, a region is formed that has an oxygen concentration and an interstitial Si 
concentration that both are high, and the interstitial Si is transformed into Si clusters. 

Thien by cooling treatment, concentration of these oxygen precipitate nuclei becomes high in the 
IG layer in the vicinity of the DZ layer due to formation of oxygen precipitate nuclei (fine Si02) by 
reaction of these Si clusters with oxygen. 

Within the silicon substrate obtained in this manner, oxygen precipitate nuclei form oxygen 
precipitates which form stacking faults due to carrying out of oxygen precipitation heat treatment or 
device treatment. Therefore a marked increase in defect density occurs within the IG layer in the 
vicinity of the interface with the DZ layen Moreover, the distribution of defects drops off rapidly 
toward the DZ layer side. 

Therefore by the method of the present invention, gettering effect of the IG layer toward 
impurities and defects from tlie DZ layer is increased, and a silicon substrate can be obtained that is 
capable of maintaining a thick and nearly defect free region. 

Furthermore, during the above mentioned cooling treatment, when an isothermal heat treatment 
step is provided comprising holding at a fixed temperature for at least 30 minutes in the temperature 
range of 800''C to 50(f C, formation of oxygen precipitates is promoted, and an increase of the above 
mentioned effects becomes possible. 

4. Simple Explanation of Figures 

Figure 1 through Figure 6 are all graphs showing the results of working examples of the silicon 
substrate production method of the present invention. 

Applicant: Mitsubishi Metal Corporation 
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